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S U M M A R Y
Objectives: In developing countries where prospective surveillance is resource-intensive, existing
hospital data can deﬁne incidence, mortality, and risk factors that can help target interventions and track
trends in disease burden.
Methods: Wereviewedhospitalizations from2001 to 2003at all inpatient facilities inBondoDistrict, Kenya.
Results: Diarrhea was responsible for 11.2% (n = 2158) of hospitalizations. The annual incidence was 550
and 216 per 100 000 persons aged <5 and 5 years, respectively. The incidence was highest in infants
(1138 per 100 000 persons), decreased in older children, peaked again among 20–29-year-olds (341 per
100 000), and declined among those 65 years (157 per 100 000). Female adults had higher incidence
than males (rate ratio = 1.84, 95% CI 1.61–2.10). Incidence decreased with distance from the district
referral hospital (4.5% per kilometer, p < 0.0001) and from the nearest inpatient facility (6.6% per
kilometer, p = 0.012). Case-fatality was high (8.0%), and was higher among adults than young children.
Co-diagnosis with malaria, pneumonia, HIV, and tuberculosis was common. Peak diarrhea incidence fell
one to two months after heavy rains.
Conclusions: The trends revealed here provide useful data for public health priority setting and planning,
including preventative interventions. The utility of such data justiﬁes renewed efforts to establish and
strengthen health management information systems in developing countries.
 2009 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
International Journal of Infectious Diseases
journa l homepage: www.e lsev ier .com/ locate / i j id1. Introduction
Ministries of Health face very different disease proﬁles between,
and even within geographic regions.1 Country- and local-level
epidemiology is paramount fordecision-making andpriority setting
for public health interventions, but active surveillance programs are
often difﬁcult to maintain in developing countries, where multiple
priorities must compete for limited health sector resources. In such
settings, existing hospital surveillance data can provide background
epidemiology on incidence, mortality, and risk factors to target
interventions and trackdisease trends. In some countries, these data
are routinely compiled into larger health management information
systems and, despite imperfect coverage and completeness, are
recognized as a potential source of baseline epidemiological
information and longitudinal observation for Ministries of Health
and researchers alike.2,3* Corresponding author. Tel.: +254 7222 00075.
E-mail address: dfeikin@ke.cdc.gov (D.R. Feikin).
1201-9712/$36.00 – see front matter  2009 International Society for Infectious Disea
doi:10.1016/j.ijid.2009.07.021Such information can be especially useful for common diseases
like diarrhea. Diarrhea causes 22% of pediatric deaths worldwide,
40% of which are in Africa.1,4,5 It is the thirdmost common pediatric
diagnosis in rural western Kenya, is very common among adults
with HIV infection, which is prevalent in western Kenya, and has
several proven interventions available.4,6,7 To better deﬁne the
epidemiologyofpatientshospitalizedwithdiarrhea in ruralwestern
Kenya, and to demonstrate the utility of existing hospital records to
deﬁne local epidemiologic patterns, we performed a review of all
inpatient admissions from all health facilities in Bondo District,
Kenya between January 1, 2001 and December 31, 2003.
2. Methods
2.1. Study site
Bondo District borders Lake Victoria in Nyanza Province in
western Kenya. The district population was 255,901 in 2003, with
20% <5 years old. The majority of residents are ethnically Luo andses. Published by Elsevier Ltd. All rights reserved.
Table 1
Patients hospitalized with diarrhea in Bondo District, western Kenya by diagnoses,
2001–2003
Recorded diagnosis in medical record No. of cases % of cases
Gastroenteritis 1679 77.8%
Dysentery 180 8.3%
Amebiasis 77 3.6%
Enteritis 75 3.5%
Cholera 64 3.0%
Chronic gastroenteritis 49 2.3%
Diarrhea 22 1.0%
Chronic diarrhea 12 0.6%
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rural district, with few paved roads and an average estimated
householdwealth of $600–700 in 1998.8 Local infantmortalitywas
125 per 1000 in 2002, and life expectancy at birth is approximately
40 years.6,9 Nyanza Province has the highest HIV prevalence in
Kenya, with 15% seropositivity among adults in 2003.10
2.2. Data collection
From February to May 2005, we reviewed records at all eight
inpatient medical facilities in Bondo District for the period 2001–
2003. We reviewed admission registers for patients with the
following independent diagnoses: gastroenteritis, dysentery,
amebiasis, enteritis, cholera, chronic gastroenteritis, diarrhea,
and chronic diarrhea. ICD coding was not used. Admission
diagnoses were made most often by clinical ofﬁcers, clinicians
with three years of post-secondary school medical training who
serve as the sole clinicians in most medical facilities in Kenya. In
some facilities, nurses made the admission diagnoses. Clinical
ofﬁcers and nurses were trained according to Kenya Ministry of
Health clinical guidelines, which deﬁne diarrhea in both children
and adults as 3 loose or watery stools within 24 h.11 During the
study period, Bondo District had two to three clinical ofﬁcers at a
time, all at Bondo District Hospital. Admission registers provided
the following variables: date of admission, age, sex, residence and
co-diagnoses upon admission. Blood smears and chest X-rays were
unavailable or performed inconsistently in most facilities, so
diagnoses of malaria and pneumonia were usually clinical. We
reviewed medical records for each patient with diarrhea found in
admission registers to determine outcome and duration of stay.
If a patient’s age was missing but was recorded as an ‘adult’ or
the wife of another person, these data were collected. Gender was
assigned according to ﬁrst name for those patients whose medical
records did not specify. Because ‘HIV’ or ‘AIDS’ were rarely
recorded, the diagnoses of ‘AIDS related complex’ (ARC) and
‘immunosuppression’ were considered to indicate HIV disease.
Outcomes were recorded as discharged, died, referred, or
absconded. Patients without death explicitly indicated in the
medical record were assumed to have been discharged alive. The
death register at Bondo District Hospital was later reviewed for
patient identiﬁcation numbers in the study database. Patients
considered alive from the medical record who were listed in the
death register with dates consistent with their diarrhea admission
were reclassiﬁed as dead in a second analysis of Bondo District
Hospital data. Rainfall data collected at Kisumu airport approxi-
mately 50 kilometers from Bondo Township were obtained from
the Kenya Meteorology Department.
2.3. Analysis
Data were entered and analyzed in Epi Info (version 3.3.2, CDC,
Atlanta, GA, USA). Further analyses were performed in PEPI
(version 4.0, Sagebrush Press), and distance analysis used SAS for
windows (version 8.2, SAS Institute, Cary, NC, USA). Patients
residing outside of Bondo District were excluded from analyses
(4.9% of diarrhea admissions). Incidence rate calculations used
annual population projections for 2001–2003 by age, sex, and
location from the Kenya Central Bureau of Statistics. Conﬁdence
intervals for incidence rates were calculated using the exact
binomial method. Fisher’s exact two-tailed method was used to
calculate the signiﬁcance of rate ratios (RR). Age-speciﬁc incidence
rates were calculated by imputation of patients in our database
with missing age according to the distribution of patients with
known age; patients listed as ‘adult’ or ‘spouse’ were only
redistributed among patients 10 years. To calculate incidence
rates by ‘sublocation’, an administrative unit including severaldozen villages, patients with missing residence were redistributed
in proportion to the distribution of patients with known residence;
this was done separately for each hospital.
Distances to health facilities were calculated using the straight-
line distance from the centroid of each sublocation in Bondo
District deﬁned using ArcView software (version 3.2). The
association between rates by sublocation and distance was
evaluated using Poisson regression with rates as the dependent
variable, using the events/trials syntax, and kilometers to facility as
the independent variable (SAS, version 9.1). The model corrected
for overdispersion.
Overall case-fatality ratios (CFRs) were calculated and deceased
patients with missing exact ages were redistributed as above for
age-speciﬁc CFRs. The overall CFR was recalculated using the
proportion of Bondo District Hospital patients whowere registered
as deceased in the hospital death register. The death rate among
patients hospitalized with diarrhea was calculated as an incidence
rate of death, and Chi-square tests were employed to determine
differences between age groups and sexes.
3. Results
From 2001 to 2003, 2158 Bondo District residents were
hospitalized with a diagnosis of diarrheal disease (Table 1). The
yearly number of diarrhea admissions varied, with 830 in 2001,
575 in 2002, and 753 in 2003. Children<5 years represented 37.7%
of diarrhea admissions, and 57.8% of all diarrhea admissions were
female. Most diarrhea admissions were to Bondo District Hospital
(57.3%).
Diarrhea accounted for 11.2% (95% conﬁdence interval (CI)
10.7–11.6%) of all district admissions, ranging by facility from 8.7%
to 20.8%. The percentage of hospitalized children <5 years with
diarrhea was 16.9% (95% CI 16.3–17.4%) compared with 9.2% (95%
CI 8.7–9.6%, p < 0.001) of patients 5 years (12.6% (95% CI 12.0–
13.3%) of non-childbirth admissions of patients 11 years).
Median duration of hospital stay was 3 days (range 0–93 days;
mode = 2 days).
The overall annual incidence rate of diarrhea hospitalizations in
Bondo District was 284 per 100 000 persons (95% CI 272–296) but
varied signiﬁcantly by age (Table 2). The annual incidence was 550
(95%CI514–589)per100 000persons<5yearsand216 (95%CI204–
228)per100 000persons5years (RR = 2.55, 95%CI2.34–2.78). This
is equivalent to one of every 182 young children being hospitalized
fordiarrheaeachyear, andoneof every463older childrenandadults.
The annual incidence of hospitalizationwith diarrheawas highest in
infants<1 year old at 1138 per 100 000 persons (95%CI 1038–1244;
Figure 1). The annual incidencedecreased substantially after4 years,
but rose through adolescence to a second peak of 341 per 100 000
persons (95% CI 311–373) among 20–29-year-olds. The lowest
annual incidenceamongadultswas amongpersons65years at157
per 100 000 persons (95% CI 112–218).
There were also signiﬁcant differences between the sexes. In
children <5 years, incidence of hospitalization with diarrhea
Table 2
Annual incidence of hospitalization with diarrhea per 100000 persons by age group and sex, Bondo District, western Kenya, 2001–2003
Age (years) Incidence in females (95% CI) Incidence in males (95% CI) Rate ratios, female/male (95% CI)
0–4 513 (466–564) 692 (631–756) 0.74 (0.65–0.84)
5–9 55 (37–77) 52 (33–75) 1.07 (0.61–1.89)
10–14 55 (34–88) 42 (22–71) 1.37 (0.64–3.01)
15–19 199 (151–256) 107 (72–155) 1.83 (1.16–2.96)
20–29 423 (379–471) 190 (157–228) 2.23 (1.80–2.78)
30–39 359 (311–413) 250 (208–297) 1.44 (1.15–1.81)
40–49 311 (251–380) 174 (133–226) 1.77 (1.27–2.50)
50–64 245 (182–324) 184 (133–249) 1.33 (0.87–2.06)
65+ 188 (118–280) 105 (53–180) 1.81 (0.86–3.99)
All ages 309 (292–327) 254 (237–271) 1.22 (1.12–1.33)
Figure 1. Average annual incidence and case-fatality ratio (CFR) of hospitalization with diarrhea in Bondo District, western Kenya by age group, 2001–2003. Inset shows
annual incidence in children <5 years of age by 1-year age groups.
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Conversely, among adults aged 15–49, the incidence was
signiﬁcantly higher among females (RR = 1.84, 95% CI 1.61–
2.10).
Diarrhea incidence among the 49 Bondo District sublocations
was highest near Bondo District Hospital. The highest rate found
was in Maranda, near Bondo Township, with 558 annualFigure 2. Incidence of hospitalization with diarrhea by proximity to inpatient facilities in
The incidence rate decreased signiﬁcantly with increasing distance from sublocation o
nearest inpatient facility (Figure 2b, p = 0.012) using Poisson regression analysis (see Madmissions per 100 000 persons (95% CI 374–802), and the
second-highest was within Bondo Township with 506 per
100 000 persons (95% CI 431–589). The lowest annual incidence
was 24 (95% CI 3–86) per 100 000 persons onMageta Island in Lake
Victoria, 30 km from Bondo District Hospital. The incidence rate of
hospitalizations for diarrhea decreased signiﬁcantly with distance
from Bondo District Hospital (Figure 2, p < 0.0001). For eachBondo District, western Kenya, 2001–2003. Straight lines are linear regression lines.
f residence to facility for both Bondo District Hospital (Figure 2a, p < 0.0001) and
ethods).
Figure 3. Monthly rainfall and incidence of hospitalization with diarrhea in Bondo District, western Kenya, 2001–2003.
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4.5% (95% CI 2.8–6.2%). The incidence rate also decreased with
increased distance to the nearest inpatient health facility, where
for each kilometer of increased distance, the incidence rate
decreased by 6.6% (95% CI 1.5–11.4%, Figure 2, p = 0.012).
Diarrhea incidence varied by season. Monthly incidence among
children <5 years ranged from 172 per 100 000 in both April and
July 2002 to 1092 per 100 000 in October 2001 (Figure 3). Monthly
incidence among those 5 years ranged from 75 per 100 000 in
July 2002 to 352 per 100 000 in October 2001. Incidence in bothFigure 4. Percentage of patients hospitalizedwith diarrhea with other diseases by age gro
AIDS-related complex (ARC), and immunosuppression in the admission register.ages had peaks one to two months after heavy rains, generally in
March–May, and again in October–November.
Patients with co-diagnoses of malaria, pneumonia, HIV, and
tuberculosis represented 56.4%, 10.4%, 5.1%, and 5.0% of hospita-
lized diarrhea cases, respectively (Figure 4). Diarrhea with malaria
was most common in children <5 years, among whom 71.4%
carried both diagnoses. The other co-diagnoses were particularly
common among reproductive-aged adults, with pneumonia most
common among 30–39-year-olds, and tuberculosis and HIV most
common among 20–49-year-olds.up, Bondo District, western Kenya, 2001–2003. HIV included diagnoses of HIV, AIDS,
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records, but increased to 10.2% (95% CI 9.0–11.5%) with death
register data. (Onlymedical record-derived CFRs are reported from
here forward.) Fatality was lowest among 10–14 year-olds (3.8%),
but increased through middle age to peak at 12.4% among 30–39-
year-olds (Figure 1). Children <5 years had a CFR of 6.8% (95% CI
5.2–8.7%), and the CFR was higher among infants <1 year (7.5%,
95% CI 5.3–10.3%). Though incidence of diarrheawas higher among
male children, females<5 years had higher CFRs (RR = 1.65, 95% CI
1.00–2.73). Despite higher incidence among 20–49-year-old
females, CFRs were lower among females than males of the same
age (RR = 0.67, 95% CI 0.45–0.99). Among 20–49-year-olds, the CFR
increased with co-diagnoses of tuberculosis (22.2%, RR = 3.21, 95%
CI 1.98–5.22), HIV (16.4%, RR = 2.15, 95% CI 1.21–3.82), and
pneumonia (16.3%, RR = 2.19, 95% CI 1.29–3.72) compared with
diarrhea alone. The CFR did not increase with co-diagnosis of
malaria in any age group. The total annual death rate among
patients hospitalizedwith diarrhea in BondoDistrictwas 23 deaths
per 100 000 persons (95% CI 19.5–26.4). The annual death rates for
children <5 years and persons 5 years were 37 and 19 per
100 000 persons, respectively (RR = 1.95, 95% CI 1.40–2.69). There
was no statistically signiﬁcant difference in death rates between
sexes.
4. Discussion
This analysis of diarrhea hospitalizations in rural western
Kenya demonstrated the utility of existing hospital data to describe
the epidemiology of a common infectious disease where no formal
surveillance systems exist. Few other reports have used similar
existing hospital data on diarrhea to deﬁne disease burden in
developing countries.12–17 Hospitalization for diarrhea was
common, representing 11.2% of all admissions. This was similar
to proportions reported elsewhere in sub-Saharan Africa and
southeast Asia,13,18 though higher than other reports from Africa
and Latin America,17,19,20 and much higher than the USA, where
diarrhea admissions are rare.21 The proportion of total admissions
with diarrhea was higher among children than adults, and the
proportion of pediatric admissions with diarrhea (16.9%) was
similar to other African reports (14–18%).12,19
The high rates of hospitalizationwith diarrhea found inwestern
Kenya emphasize the need for interventions to reduce this burden,
including rotavirus vaccine, improved water and sanitation,
hygiene promotion, and zinc treatment, which South Asian data
suggest could decrease diarrhea severity and recurrence.22,23
Programs where healthcare workers educate caretakers during
clinic visits about household water treatment, hand washing, and
oral rehydration solution (ORS) can successfully change behavior
and prevent diarrhea.24 Recent evidence also shows substantial
declines of ORS use among African households, suggesting the
need for active promotion at the community level.25
As expected, we found very high rates of diarrheal disease-
associated hospitalization among infants, which leveled off by late
childhood. These rates are consistent with, though higher than,
data from Mali.12 Among children, girls were less likely to be
hospitalized with diarrhea than boys, which has previously been
documented for pneumonia in the same population.26 That
hospitalization for diarrhea is more common among boys than
girls in Kenya, Uganda, and Mali, while no sex difference has been
shown in Bangladesh or the USA, suggests that cultural factors or
discriminate care-seeking thresholds may be responsible for these
rate differences.12,14,27,28 A second peak of diarrhea incidence was
found among adults aged 20–39, which is consistent with local
outpatient surveillance data.29 In rural western Kenya, these rates
among young adults makes a strong case for the effect of HIV,
which increases the risk of severe diarrhea.7 That more youngKenyan women than men have HIV infection may also explain the
parallel gender difference of rates of hospitalization with
diarrhea.10 Despite this assumed association, our analysis was
limited by a lack of HIV status for most inpatients.
Incidence rates were higher among those residing closer to the
hospital. Similar inverse relationships between distance and
incidence have been found previously for diarrhea, malaria, and
pneumonia.30 A recent analysis in part of Bondo District showed a
steep decay of health facility utilizationwith increasing distance to
residence.31 Moreover, verbal autopsies performed within a
demographic surveillance system in Bondo District demonstrated
that <10% of deaths in the area occur in hospital, suggesting that
only a fraction of severe diarrhea patients visit hospitals.6 The
implication of this distance decay effect on our ﬁndings is that
calculated incidence rates likely underestimate true rates of
diarrhea in the entire district. It also underscores the importance of
community-based treatment strategies.25 We did not model other
potential risk factors at the sublocation level, such as socio-
economic status and water sources, so the association between
distance and hospitalization with diarrhea might be inﬂuenced by
unmeasured confounders. However, the strength of association
between distance and hospitalization with diarrhea and the
homogeneity of demographics in the district suggest themeasured
association is likely valid.
We found hospitalizations with diarrhea to follow a seasonal
pattern, with admissions peaking from January–March, in May,
and around October. Two of these peaks fall towards the end of the
local rainy seasons of March–May and October–November, as
found elsewhere in Kenya.32 This may reﬂect etiology-speciﬁc
seasonality. Diarrhea has previously been shown to coincide with
rainy seasons in Africa,33–35 though certain enteric pathogens, such
as Escherichia coli and Cryptosporidium species, peak in incidence
during the dry months when clean drinking water becomes less
available.36–38 It is notable that diarrhea hospitalization is highest
during months of higher malaria prevalence, typically one to two
months after the peak rainfall.39 Indeed, over two-thirds of
pediatric diarrhea admissions also had malaria co-diagnoses.
Diarrhea due to or complicated by malaria might increase
admission rates in these months and warrants further study.
Outbreaks of diarrheal disease may have contributed to part of this
seasonal trend, though such analysis is not possible because
outbreak data is not available at the facility level.
The Bondo District CFR for all patients hospitalized with
diarrhea was higher than the Kenyan average (8.0% vs. 6%).40
Pediatric CFRs were low comparedwith other African studies (6.8%
vs. 11–16.9%),12,15–17,41 but remained very high compared to
industrialized countries (0.1%).27,42 CFRs were surprisingly high
among BondoDistrict adults. It is possible that older adults present
later in their illness, or that their poor outcomes are affected by the
observed co-infections with HIV and tuberculosis. Regardless, the
inpatient CFR is unacceptably high given that diarrhea is a
treatable disease with administration of proper rehydration ﬂuids,
and antibiotics if appropriate.43
This study had several limitations. First, we relied on admission
registers to deﬁne cases of diarrhea. These diagnoses were based
on clinical histories taken by the hospitals’ clinical ofﬁcers or
nurses, and, as a result, we could not verify that diagnostic criteria
were consistently applied in different facilities throughout the
period reviewed. Even so, we expect the clinical diagnosis of
diarrhea to be fairly accurate because, unlike diseases such as
pneumonia, diarrhea is diagnosed based on history rather than
physical exam, X-rays or laboratory results. While classiﬁcation of
disease severity according to dehydration requires clinical train-
ing, even maternal report has been highly correlated with the
presence or absence of clinical diarrhea using standard case
deﬁnitions (sensitivity 86.4%, speciﬁcity 99%).44 Second, rate
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from hospitals within Bondo District, and may therefore have
missed Bondo residents hospitalized in other districts. As non-
Bondo residents were admitted to Bondo District hospitals during
the study period (4.9% of admissions, excluded from rate
calculations), it is likely that some Bondo residents with diarrhea
were admitted outside of Bondo. This would have underestimated
true diarrhea incidence. Third, the incidence and epidemiology
described in Bondo District might not be generalizable to other
parts of Kenya. As discussed, Bondo lies in the Kenyan province
with the highest rates of HIV andmalaria, which likely affects rates
of diarrhea admissions.10 Lastly, etiology data were rarely found in
medical records, as stool culture and testing is not routinely
performed for diarrhea in Bondo District health facilities. Out-
patient surveillance from Bondo District revealed that Campylo-
bacter species and diarrheagenic E. coli were the most common
bacterial etiologies among children and Shigella species were most
common among adults.29 Rotavirus causes approximately 20% of
pediatric admissions for diarrhea in the area.45 Detailed etiologic
analyses among patients hospitalized with diarrhea in western
Kenya are ongoing and indicate high CFRs for children <5 years of
age with bacterial pathogens.46
The epidemiological trends revealed in this analysis of data
from hospital admissions for diarrhea – speciﬁcally the distinctive
age and sex distribution, changing incidence by distance, seasonal
trends, and high rates of co-morbidity – provide useful descriptive
data for public health priority setting and planning. Knowledge of
the expected number of diarrhea cases in a given time period and
routine monitoring of centrally aggregated diarrheal disease data
can also help inform planning and allocation of resources required
for treatment and for the early detection of epidemic diarrheal
diseases like cholera where laboratory diagnostic capacity is
limited. Once characterized, hospital surveillance data can also
help evaluate the impact of large-scale interventions such as the
introduction of a rotavirus vaccine, zinc treatment, increased
availability of ORS, and improved water and sanitation service
access. The utility of such retrospectively collected data justiﬁes
renewed efforts to establish and strengthen health management
information systems in developing countries.
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